revealed the qualitative aspects of enzymatic activity (for reviews see Holland and Blight, 1999; Schneider and Hunke, 1998). Nevertheless, enzymatic activity could differ in an intact ABC transporter for several reasons, including interactions with membrane domains and/or dimerization of the NBDs. Therefore, to test the hypothesis that full-length CFTR possesses adenylate kinase activity that gates the channel, we asked if Ap 5 A would inhibit current. Ap 5 A is a well-characterized inhibitor of adenylate kinases, but it does not inhibit ATPases (Figure 2A Figure 3E ). An Eadie-Hofstee plot ( Figure 3F) (Mü ller and Schulz, 1992), a similar dimeric structure in dent gating. First, they indicate that AMP and AMP-NH 2 bind to a distinct AMP site independent of ATP, including CFTR would not allow Ap 5 A binding to the two ATP binding sites. Thus, we conclude that CFTR contains at physiologic ATP concentrations. Second, they suggest that binding to the AMP site inhibits ATPase-depentwo ATP binding sites (NBD1 and NBD2) and an AMP binding site that is different from the ATP sites. Moredent gating. This result agrees with our studies of an NBD2 polypeptide in which AMP inhibited ATPase activover, the ATPase and adenylate kinase enzymatic activities share a common ATP binding site.
ity. Third, they suggest when AMP binds, it enables phosphotransfer (adenylate kinase activity) that contributes to the channel gating cycle. Thus, the data suggest ATP:AMP Phosphotransfer Influences that AMP switches the enzymatic activity involved in Channel Gating gating from that of an ATPase to that of an adenylate The experiments described above raised the question kinase. At physiologic ATP concentrations, AMP does of whether phosphotransfer from ATP to AMP was innot necessarily alter the amount of current; instead it volved in gating, or whether AMP binding alone would changes the mechanism by which that current is genersuffice to explain the effects. To answer this question, ated. Finding that maximal current generated by both we asked whether an AMP analog that cannot act as a ATPase and adenylate kinase activities was similar sugphosphate acceptor, AMP-NH 2 (adenosine 5Ј-monogests the involvement of a common rate-limiting step. phosphoramidate, Figure 5A ), would bind the AMP site Our finding of a similar turnover rate for an NBD2 polyand stimulate current. Figure 5B shows that AMP-NH 2 peptide functioning as an ATPase or as an adenylate not only failed to stimulate current, but instead it dekinase at physiologic ATP concentrations parallels this creased current. To learn whether inhibition occurred conclusion. The explanation may relate to the shared because AMP-NH 2 bound to the AMP site, we asked ATP binding site of the two enzymatic activities. whether ATP and AMP were competitive with its effects. Like Ap 5 A, maximal AMP-NH 2 concentrations inhibited about 50% of the current ( Figure 5C To test further whether phosphotransfer between two ADP molecules was required, we studied ADP-NH 2 (adereduced P o by altering the same gating step as ATP and AMP but in the opposite direction; it prolonged the nylyl 5Ј-phosphoramidate), an ADP analog that does not allow phosphotransfer. Like ADP, ADP-NH 2 inhibited interburst interval ( Figure 5E ).
These data together with results described above procurrent and competed with ATP ( Figure 6D ). But in contrast to ADP, ADP-NH 2 failed to induce positive cooperavide insight into the mechanisms of nucleotide-depen- tivity ( Figure 6E) . Therefore, the surprising finding of NBD2 Mutations Disrupt ATPase and Adenylate Kinase Activities an "inhibitor" (ADP) that induces positive cooperativity supports the conclusion that adenylate kinase activity To assess further the NBD contribution to adenylate kinase activity, we studied specific mutations. We mugates the channel.
Because the ATP site accepts nucleotides with a guatated the invariant Walker A Lys because it sits in the P loop that forms the core of the ATP binding pocket nine base but the AMP site does not, we tested GDP. GDP inhibited current without inducing cooperativity in both ABC transporters and adenylate kinases, and its mutation disrupts catalytic activity of both enzymes ( Figures 6F and 6G) lead to dimer dissociation. However, interactions beTaken together, these observations suggest that ATP tween the two NBDs have not yet been linked to binding to both NBDs influences CFTR gating, but in transport. the presence of physiologic AMP concentrations the Our finding of positive cooperativity in ATP-depenpredominant enzymatic reaction regulating channel acdent gating indicates that in the presence of AMP, the tivity is probably adenylate kinase. This conclusion has two ATP binding sites (NBD1 and NBD2) interact to important energetic implications. In the past, it has influence function. A common mechanism to cause cooseemed difficult to reconcile the huge energy expendiperativity is dimerization, and based on the discussion ture of ATP hydrolysis with the fact that CFTR transports above, it seems highly likely that in the presence of AMP, Cl Ϫ entirely passively and that no other ion channel is ATP induced NBD1-NBD2 dimerization. We also showed known to require the energy of ATP hydrolysis for gating.
that AMP increased the opening rate of single CFTR Because adenylate kinase activity releases little if any channels; this is the same gating step controlled by ATP. energy, our findings bring the energetics of CFTR ion Therefore, we tentatively conclude that in the presence transfer and gating in line with that of other ion channels.
of a physiologic mechanism to couple transport to the metabolic state of the cell, i.e., the relative amounts of ATP, 
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